Seagrass meadows are hidden underwater grass fields that protect the coast and o er shelter to many sea creatures. Seagrasses are flowering plants that evolved from the land back to the sea, and they now occupy the sea bottom in shallow waters along the coast all over the world. Human activities, such as fishing methods that rely on heavy nets that are dragged across the sea floor, put this important ecosystem at serious risk. In this study, we aimed to measure how seagrasses contribute to coast protection by trapping rock debris transported by the sea. Seagrasses reduce erosion of the coast and protect our houses and cities from both the force of the sea and from sea-level rise caused by global warming. Seagrasses do this by softening the force of the waves with their leaves, and helping sediment transported in the seawater to accumulate on the seafloor.
SEAGRASSES: MARINE PLANTS THAT EVOLVED BACK TO THE SEA
When we speak about ecosystems that thrive on the coast, we often think about beautiful mangrove forests or endless coral reefs. However, we tend to forget that coasts are inhabited by other kinds of species that form an important ecosystem: seagrass meadows.
Seagrasses, like mangrove trees, are flowering plants that evolved from the land back to life in the sea, about million years ago [ ]. As with all flowering plants (also known as angiosperms, from the Greek words angeion, "case," and sperma, "seed"), seagrasses usually flower once per year during their reproductive season, the same way many plants on land do during the spring. Instead of using bees or other insects for pollination, seagrasses use marine creatures-like crabs, sea worms, or shrimp-that live burrowed in the sediment amongst seagrass roots SEDIMENT Sediment is the accumulation of sand, clay, rock debris and dirt that settles in the bottom of lakes, river, and sea.
[ ]. These sea creatures walk and swim among the male flowers of seagrasses and get pollen attached to the spiny and hairy parts of their bodies. When these creatures then walk and swim among the female flowers, the plant is pollinated [ ].
Like many other kinds of grasses on land, seagrasses are connected by underground structures called rhizomes, which are similar to roots RHIZOME Horizontal underground plant part that can produce the shoot and root systems of a new plant.
that grow underneath the sediment. New shoots of seagrasses can sprout up from rhizomes ( Figure ) , and a single plant can sprout many shoots over a long period of time. In the Mediterranean Sea, for example, one plant has been found to be more than , years old-almost as old as our first Homo sapiens ancestor! All over the world, seagrasses have been estimated to cover between . and . million square kilometers [ ], an area ten times bigger than the Red Sea. The Red Sea itself hosts of the species of seagrasses present all over the world, and together these seagrasses form an area that extends for more than , square kilometers, similar the total size of Portugal. 
SEAGRASSES PROTECT THE RED SEA COAST
Seagrass meadows, with their leaves extending toward the seawater surface, slow down the marine currents that transport sediment and other particles and allow the settling of this sediment among the roots and leaves of the seagrass. By doing this, seagrasses help to form new layers of sediment on top of the older ones. But how do seagrasses avoid being buried? The trick is in their extraordinary level of adaptation, acquired by living in this constantly changing ecosystem: thanks to rhizomes, each single seagrass plant can adjust its growth and keep pace with sedimentation. By helping sediment
SEDIMENTATION
The accumulation of sand, clay, rock debris, and dirt that settles on the bottom of lakes, river, and sea.
to accumulate, seagrasses protect the coastline from erosion and
EROSION
The gradual destruction or reduction of sediment. therefore protect houses, roads, and cities built near the shore.
To find out how much sediment seagrasses trap, we set up a measuring system that used six metal rods, following a method called surface elevation change pin (SECP). SECP is used by many SECP Surface Elevation Change Pins (SECP) is a technique that is used to assess the change in the elevation of the seafloor.
scientists to measure the sediment gathered in mangrove forests and saltmarshes ( Figure ) .
We established five experimental plots on the sea bottom within seagrass meadows and five in sediment not covered by seagrasses. At the time of the set-up, the rods were firmly secured into the sea floor . m deep, leaving cm of the rods protruding above the sediment. Over a monitoring period of one and a half years, we checked on the rods three times. For each time point, we measured the height of the metal rods that remained uncovered on the surface of the sediment. If sediment had accumulated between the installation of the rods and our first check, the distance from the tip of the rod to the seafloor would be < cm, but, in the case of erosion, the distance would be more than cm. We used the lengths of each of the six rods to calculate the average accumulation/erosion of sediment in each experimental plot. At the end of the monitoring, we were able to conclude that, along the Central Red Sea at the Figure   Figure Seagrasses help to trap sediment particles transported by sea currents. The leaves, extending toward the sea surface, slow down the water currents. The slower current is not able to carry the particles of sediment, so the particles drop down and become part of the seafloor, eventually building it up. When seagrasses are not present, the sea current has no obstacles and carries the sediment particles away, lifting them up and eroding the seafloor.
Saudi Arabian coast, seagrasses helped to accumulate sediment, with a sediment accumulation rate of . mm per year, while in the areas not covered by seagrasses, we saw sediment loss (erosion) of . mm per year (Figure ) .
This experiment was repeated in several other locations all over the world and similar results were found. In Kenya, for example, we recorded a sediment accumulation of mm per year in seagrass meadows. On the other hand, erosion in areas not covered by seagrasses accounted for a loss of up to mm of sediment per year in Tanzania, and an average loss of mm per year in Kenya. This data clearly shows us how important seagrasses are for holding the sediment in coastal areas, and therefore tells us that we urgently need to establish coastal management laws to protect seagrass meadows.
Coastlines all over the world are full of people. Many cities, resorts, and villages are constructed along the coast and often the risk of coastal erosion caused by this construction is not considered. Also, in the last few decades, human activities, such as the construction of dams along rivers has limited the amount of sediment coming into the sea. The reduced input of sediment has resulted in increased erosion of beaches and rocky shores by the ocean currents. This erosion has resulted in dramatic destruction of buildings. Seagrasses are natural friends that can help to solve this problem.
In summary, seagrass meadows are one of the most e ective barriers against erosion, because they trap sediment amongst their leaves. Archaeologists have learned from seagrasses how to protect underwater archaeological sites, like a site in Denmark where dozens of ancient Roman and Viking shipwrecks have been discovered. The archaeologists use seagrass-like covers as sediment traps, to build up sediment so that it buries the ships. Burial creates low-oxygen conditions and keeps the wood from rotting [ ]. each dive into seagrass meadows in the Red Sea, we can have amazing encounters. We might bump into a curious blue-spotted ray in search of food, or a very annoyed mantis shrimp that is scared by inquisitive scientists. Octopi, cuttlefishes, and other fishes observe us at a distance. We discovered that Red Sea seagrasses host more than animal burrows per square meter. Crabs, shrimp, bivalves, and fishes find shelter among seagrass rhizomes. Moreover, many little animals, such as bryozoans, tunicates, sponges, and sea worms, anchor themselves to the leaves or the exposed roots of seagrasses ( Figure ) . Scientists have recently discovered that the cooperation between seagrasses and animals results in a strong protection of the coast from organisms that cause diseases [ ]. Seagrasses have been demonstrated to produce natural compounds that kill the bacteria that bring illnesses to fishes and to us.
Our study highlights the importance of the seagrass ecosystems in the sea. The next question to answer is, "How do we secure the survival of seagrasses in the future of the Red Sea?" Seagrasses are in danger because of the many human activities going on along the coast. Fishing methods that rely on heavy nets that are dragged across the sea floor eradicate and kill these plants as wells as the fast growing city waterfronts pollute the coastal water by uncontrolled wastewater discharge and block the ground freshwater going into the sea, provoking the death of this important ecosystem. Is our duty continue to study the seagrasses ecosystem to seek solutions to make the . doi: . /frym. .
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